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This is an invention in. the lighting art. More 
particularly, it involves a fluorescent lamp lighting 
arrangement with an integral motion detector and 
light sensing detector for controlling the fight inten- 
sity of fluorescent lamps. 

This invention is related to that disclosed in 
U.S. patent application serial No. 599,337 of Stefan 
F. Szuba filed on October 17. 1990 under the title 
"A Fluorescent Lamp Arrangement with an Integral 
fVlotion Sensor" and U.S. Patent Application Serial 
No. 450.143 of Stefan F. Szuba filed December 11. 
1989 under the title "r^/Iethod for Controlling Flu- 
orescent Lamp Dimmers and Circuit For Providing 
Such Control" both of which are assigned to the 
same assignee as this application. Application 
serial Nos. 599.337 and 450,143 and U.S. Patent 
No. 5,003.230 and U.S. Patent No. 4,952.849 de- 
scribing fluorescent lamp controllers and all matter 
incorporated by reference therein is hereby incor- 
porated by reference herein. 

One of the objects of this invention is to con- 
serve energy. 

One of the advantages of the invention is that it 
increases the life of fluorescent lamps operated 
under its control. 

One of the features of the invention is that it is 
useful in so-called "Smart" buildings. In this re- 
spect, it will dim fluorescent lamps under its control 
in areas in which no activity is sensed and will vary 
the amount of artificial light in such areas in accor- 
dance with how much natural light strikes such 
areas, when activity is sensed. 

In accordance with one aspect of the invention, 
there is provided a fluorescent lamp lighting ar- 
rangement including a fluorescent lamp and lamp 
controller means for controlling the light intensity of 
the lamp. A control signal means is also included 
which responds to a predetermined stimulus and 
produces a control signal when the stimulus oc- 
curs. Operating means are provided to respond to 
the control signal to cause the controller means to 
change the light intensity of the fluorescent lamp. 
The operating means includes first and second 
stages. The first stage includes amplifier means for 
amplifying the control signals. The second stage 
includes a voltage regulating means for regulating 
a first operating voltage applied to the amplifier 
means for its operation. The voltage regulating 
means receives a second operating voltage for its 
operation from the lamp controller means. The am- 
plifier means includes a comparator circuit means 
operating to render the lamp controller means in- 
sensitive to signals from said control signal means 
less than a predetermined magnitude. 

In accordance with another aspect of the inven- 
tion there is provided a fluorescent lamp lighting 
arrangement including a fluorescent lamp and lamp 
controller means for controlling the light intensity of 



the lamp. A control signal means is also included 
which responds to a predetermined stimulus and 
produces a control signal when the stimulus oc- 
curs. Operating means are provided to respond to 
5 the control signal to cause the controller means to 
change the light intensity of the lamp. The operat- 
ing means includes a light control circuit which 
responds to the control signal and operates to 
control the amount of light provided by the fluores- 

w cent lamp at a prescribed location in accordance 
with a predetermined curve. The light control circuit 
includes light sensing means sensing the amount 
of illumination at the prescribed location provided 
by natural light and by the fluorescent lamp. The 

75 predetermined curve has a steep slope when the 
light sensing means indicates the fluorescent lamp 
should provide a high amount of light and a more 
moderate slope when the light sensing means in- 
dicates the fluorescent lamp should provide a less- 

20 er amount than the high amount. The light control 
circuit includes determination means for determin- 
ing at what amount of light from the fluorescent 
lamp the curve is transposed from the steep slope 
to the more moderate slope. 

25 In accordance with a still further aspect of the 

invention, there is provided a fluorescent lamp 
lighting arrangement including a fluorescent lamp 
and lamp controller means for controlling the light 
intensity of the lamp. A control signal means is also 

30 included which responds to a predetermined stimu- 
lus and produces a control signal when the stimu- 
lus occurs. Operating means are provided to re- 
spond to the control signal to cause the controller 
means to change the light intensity of the lamp. 

35 The operating means includes first and second 
stages. The first stage includes amplifier means for 
amplifying the control signal. The second stage 
includes a voltage regulating means for regulating 
a first operating voltage applied to the amplifier 

40 means for its operation. The voltage regulating 
means receives a second operating voltage for its 
operation from the lamp controller means. The op- 
erating means includes a light control circuit which 
responds to the control signal and operates to 

45 control the amount of light provided by the fluores- 
cent lamp at a prescribed location. The light control 
circuit includes light sensing means sensing the 
amount of illumination at the prescribed location 
provided by natural light and by the fluorescent 

50 lamp. The light control circuit includes determina- 
tion means for determining what amount of light is 
to be provided by the fluorescent lamp. 

Other objects, features and advantages of the 
invention will be apparent from the following de- 

55 scription and appended claims when considered in 
conjunction with the accompanying drawing in 
which: 

Fig. 1 is a circuit diagram of a motion and light 
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sensor in accordance with the invention, and 
Fig, 2 is a graph plotting the illumination at the 
light sensor of the circuitry of Fig. 1 against the 
amount of artificial light provided by the lighting 
arrangement of the invention. 5 
A preferred embodiment of a sensor circuitry 
for use with for instance a dimmable fluorescent 
lamp controller as described in US Patent applica- 
tion 500.32.30 is shown in Figure 1. The sensor 
circuit comprises terminals 113* and 114* suitable 10 
for connection to input terminals of the dimmable 
fluorescent lamp controller. In operation the sense 
circuit receives power via terminals 113* and 114', 
Furthermore the sensor circuit adjusts the voltage 
present between terminal 113' and terminal 114*. 15 
this voltage serving as a dimming signal for the 
dimmable fluorescent lamp controller and deter- 
mining the light output of the lamps operated by 
the dimmable fluorescent lamp controller. Such a 
sensor circuit would be useful in dimming lamps in 20 
a room when there is no activity in the room and 
for brightening those lamps when the sensor 
senses that there is activity in the room. The ap- 
paratus comprises a pyroelectric motion sensor 
PS. This unit produces signals which vary in time 25 
and whose amplitude increases as it senses in- 
creasing infrared radiation. In operation with resis- 
tors Ri and R2, capacitances Ci and C2 and tran- 
sistor Qi , the signals from sensor PS are applied to 
the positive input of a first amplifier stage ICi . As 30 
indicated in Figure 1, capacitance Ci, sensor PS. 
resistor R2 and capacitor C2 are all connected to a 
common return line as are various other elements 
of Figure 1 as indicated by the small horizontal line 
shown at the bottom of each of the elements con- 35 
nected to the return line. Resistors R3, R4 ad Rs 
together with capacitors C3 and C4 are selected in 
order to give operational amplifier ICi a high AC 
gain. The output of operational amplifier ICi is fed 
through capacitor Cs and resistor Rg to the invert- 4o 
ing input of a second stage amplifier formed by 
operational amplifier IC2. Resistors Re, R7. Ra and 
capacitor Ck are selected to provide operational 
amplifier IC2 with a high AC gain also. Since the 
input from operational amplifier ICi is applied to 45 
the inverting input of operational amplifier IC2. the 
output of the latter amplifier is an amplified inver- 
sion of its input. 

The output of amplifier IC2 is fed to what is 
termed a "window comparator" formed by amplifi- 50 
ers ICL3 and IC*. Amplifier IC3 filters out positive 
signals received from amplifier IC2 below a particu- 
lar value whereas amplifier IC4 filters out negative 
signals above a particular value. In this way, back- 
ground radiation which might impinge on pyroelec- 55 
trie sensor PS is filtered such that the apparatus is 
insensitive to such background radiation. The mag- 
nitudes of the positive and negative signals which 



are filtered out is determined by the resistance 
values of resistors Rio, Rn and R,2. 

The outputs of amplifiers IC3 and IC4 pass 
through resistors R13 and R14. respectively to turn 
on either of transistors Q2 and Q3 in the presence 
of sufficient motion as sensed by sensor PS. With 
either of transistors Q2 or Q3 on, capacitor C; is 
discharged quickly through either of the low imped- 
ance collector-emitter paths so provided. Motion 
sensed by pyroelectric sensor PS discharges ca- 
pacitor C7 rapidly to brighten lamps operated by 
the dimmable fluorescent lamp controller with a 
relatively short time delay if they were at their- 
dimmed condition, as will be explained. In re- 
sponse to the indication of a lack of motion by 
pyroelectric sensor PS, capacitor C7 charges slow- 
ly through rheostat R15. The lack of motion dims 
the lamps from their brightened condition after a 
time delay determined by the magnitudes of ca- 
pacitor C7 and rheostat R15 which is relatively 
longer than the time delay for brightening the 
lamps. 

The voltage representative of the charge on 
capacitor C7 is applied to the positive input of 
comparator IC5 which compares it with a threshold 
voltage established by resistors Rie and R17. If the 
voltage at the positive input is higher than the 
threshold voltage, the output of comparator IC5 is 
high and is applied through resistor Ris to turn on 
transistor Q4. 

Transistors Q* and Q5 together with resistor 
R19. and zener diode ICe form a switch for switch- 
ing the voltage across terminals 113* and 114* 
depending upon whether or not pyroelectric sensor 
PS senses motion. If motion is sensed, the output 
of comparator IC5 is low and transistor Q* is turned 
off. As a result, transistor Qs is also maintained in 
an off condition and resistor R20 is in series circuit 
with Adjustable f^icropower Voltage Reference ICs . 
Under these conditions, the voltage applied across 
terminals 113* and 114' by the dimmable fluores- 
cent lamp controller can remain high. As a con- 
sequence the lamps can operate at what may be 
called a "fully lit" condition. 

Should motion in the vicinity of pyroelectric 
sensor PS cease, comparator IC5 produces a high 
signal to turn transistor CU on. As a result, transis- 
tor Qs is also turned on short-circuiting resistor 
R20. This causes the current being sourced by 
terminals 113' and 114' to increase in value while 
the voltage across those terminals decreases in 
value to approximately the voltage drop across 
Adjustable Micropower Voltage Reference ICs - 
(such as a National Semiconductor Corp. LM 185). 
This voltage causes the lamps to operate in a 
"dimmed" condition. 

Adjustable Micropower Voltage Reference ICs 
forms a voltage regulating means for producing the 
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operating voltage for amplifiers ICi through ICs 
along line Vcc- The voltage regulating means is 
capable of maintaining the voltage along lines Vcc 
within an acceptable range for the operation of 
amplifiers ICi through ICs notwithstanding the volt- 
age across terminals 113' and 114* changes from 
high to low depending upon whether resistor R20 is 
in series circuit with Adjustable fVlicropower Voltage 
Reference ICg or whether it is shorted by transistor 
Qs. 

From the foregoing, it will be understood that 
the switch formed by transistor Q4 and Qs together 
with the voltage regulating means identified above 
receive their operating voltage across terminals 
1 1 3' and 1 1 4' and their power for operation from 
the (dimmable fluorescent) lamp controller. The 
amplifiers ICi through IC5 of the control signal 
means of Figure 1 receive their operating voltage 
through the voltage regulator means along line Vcc- 
As a consequence, none of the previously de- 
scribed controlled signal means of Figure 1 re- 
quires a source of voltage independent of the lamp 
controller. 

Superimposed upon the previously described 
motion sensor of Figure 1 is a light sensor arrange- 
ment including light sensor LS and transistors Ti - 
T* with associated resistive elements and capaci- 
tors. This circuitry is connected to terminal 113* 
and line Vcc- As can be seen in Figure 1. there is 
provided a light sensor LS which senses light at a 
particular location. Light sensor LS is connected 
across capacitor C. one end of which is connected 
to the base of NPN transistor Ti . The other end of 
capacitor C is connected to the collector of transis- 
tor Tx . 

The emitter of transistor Ti is connected to one 
end of rheostat Rh. the other end of which is 
connected to one end of light sensor LS and to the 
base of transistor Ti . The emitter of transistor Ti is 
also connected to the base of NPN transistor T3 
and to the emitter of NPN transistor T2. The bases 
of transistor Ti and T2 are interconnected. The 
collector of transistor T2 is connected to one end of 
resistor Ry, the other end of which is connected to 
the other end of capacitor C. The emitter of transis- 
tor T2 is also connected to one end of resistor Rb. 
the other end of which is connected to line Vcc- 

Connected across the emitter and collector of 
transistor T2 is resistor Rx. The collector of transis- 
tor T3 is connected to one end of resistor Rp, the 
other end of which is connected to the other end of 
capacitor C. The one end of resistor Rp is also 
connected to the base of PNP transistor T4. The 
other end of resistor Rp is connected to the emitter 
of transistor T*. The emitter of transistor T* is also 
connected to terminal 113*. The collector of transis- 
tor Ta is connected to line Vcc- 

When transistor Q5 is non-conducting, because 



the motion sensor senses activity, the voltage 
present between terminal 113* and terminal 114* is 
controlled by the light sensor arrangemnent includ- 
ing light sensor LS and transistor T1-T4 with asso- 
5 ciated resistive elements and capacitors. 

The curve shown in Figure 2 is the result of 
experimentation at work places, and shows the 
amount of artificial light as a function of the Illu- 
mination (IL) at sensor LS. Those skilled in the art 

70 will understand from the disclosure herein that dif- 
ferent curve slopes may be employed. The curve 
of Figure 2 represents the output of fluorescent 
lamps controlled in accordance with the invention 
versus the illumination at the light sensor. The 

;5 upper steep slope portion of the curve, that is, the 
portion from A to B provides lumen maintenance 
control and ambient light regulation. The lower part 
with the more moderate slope, that is. portion B to 
C of the curve performs ambient light regulation 

20 only. It is to be understood that this curve has been 
selected to provide optimum electrical energy use 
and optimum quality of lighting. 

In operation, transistors Ti, T2, T3 and T* are 
provided power for operation from the dimmable 

25 fluorescent lamp controller. No auxiliary power sup- 
ply is required. Rheostat Rh acts as a threshold 
control or selection means. Transistor T* is the 
main current sink of the invention. Transistor T3 
operates as a regulation amplifier and as a partial 

30 current sink. Transistors Ti and T2 form a variable 
gain photo current amplifier. Transistors Ti and T2 
work in such a way that at tow natural light levels 
they have a high current gain. At this high gain the 
upper portion A to B of the curve of Figure 16 is 

35 provided substantially by the fluorescent lamp or 
lamps being controlled. At higher natural light lev- 
els transistor T2 saturates and this results in a 
relatively low current gain of the amplifier formed 
by transistors Ti and T2. This provides the more 

40 moderate portion of each curve from point B to 
point C. The value of resistor Ry and the current 
gain of transistors Ti and T2 determine the location 
B on each of the curves of Fig. 2. 

Resistors Ry and Rx are selected to obtain the 

45 desired steep slope of the curve between its A 
point and its B point. Rp serves to establish a bias 
for transistor T*. Rj, serves to establish initial volt- 
age gain for the circuit. Capacitors C and C* pro- 
vide voltage filtering. 

50 It should be apparent that various modifications 

of the above will be evident to those skilled in the 
art and that the arrangement described herein is for 
illustrative purposes and is not to be considered 
restrictive. 

55 

Claims 

1. A fluorescent lamp lighting arrangement suit- 
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able for operating at least one fluorescent 
lamp, including lamp controller means for con- 
trolling the light intensity of said lamp, and a 
sensor circuit comprising control signal means 
responding to a predetermined stimulus and 5 
producing a control signal when said stimulus 
occurs, and comprising operating means re- 
sponding to said control signal to cause said 
controller means to change the light intensity 
of said lamp, said operating means including w 
first and second stages, said first stage includ- 
ing amplifier means for amplifying said control 
signals, said second stage including a voltage 
regulating means for regulating a first operat- 
ing voltage applied to said amplifier means for is 
its operation, said voltage regulating means 
receiving a second operating voltage for its 
operation from said lamp controller means, 
said amplifier means including a comparator 
circuit means operating to render said lamp 20 
controller means insensitive to signals from 
said control signal means less than a predeter- 
mined magnitude. 

A fluorescent lamp lighting arrangement suit- 25 
able for - operating at least one fluorescent 
lamp, lamp controller means for controlling the 
light intensity of said lamp, and a sensor circut 
comprising control signal means responding to 
a predetermined stimulus and producing a 30 
control signal when said stimulus occurs, and 
comprising operating means responding to 
said control signal to cause said controller 
means to change the light intensity of said 
lamp, said operating means including a light 35 
control circuit which responds to said control 
signal and operates to control the amount of 
light provided by said fluorescent lamp at a 
prescribed location in accordance with a pre- 
determined curve, said light control circuit in- 40 
eluding light sensing means sensing the 
amount of illumination at the prescribed loca- 
tion provided by natural light and by said flu- 
orescent lamp, said predetermined curve hav- 
ing a steep slope when said light sensing 45 
means indicates said fluorescent lamp should 
provide a high amount of light and a more 
moderate slope when said light sensing means 
indicates said fluorescent lamp should provide 
a lesser amount than said high amount, said 50 
control circuit including determination means 
for determining at what amount of light from 
said fluorescent lamp said curve is transposed 
from said steep slope to said more moderate 
slope. 55 

A fluorescent lamp lighting arrangement in- 
cluding a fluorescent lamp, lamp controller 



means for controlling the light intensity of said 
lamp, and a sensor circuit comprising control 
signal means responding to a predetermined 
stimulus and producing a control signal when 
said stimulus occurs, and comprising operating 
means responding to said control signal to 
cause said controller means to change the 
light intensity of said lamp, said operating 
means including first and second stages, said 
first stage including amplifier means for am- 
plifying said control signals, said second stage 
including a voltage regulating means for regu- 
lating a first operating voltage applied to said 
amplifier means for its operation, said voltage 
regulating means receiving a second operating 
voltage for its operation from said lamp con- 
troller means, said operating means including 
a light control circuit which responds to said 
control signal and operates to control the 
amount of light provided by said fluorescent 
lamp at a prescribed location, said control cir- 
cuit including light sensing means sensing the 
amount of illumination at the prescribed loca- 
tion provided by natural light and by said flu- 
orescent lamp, said light control circuit includ- 
ing determination means for determining what 
amount of light is to be provided by said 
fluorescent lamp. 

4. A fluorescent lamp lighting arrangement as 
claimed in Claim 1 or 3. wherein said voltage 
regulating means includes switch means for 
reducing the second operating voltage applied 
to said voltage regulating means in the ab- 
sence of said control signal from the mag- 
nitude of said second operating voltage ap- 
plied in the presence j of said control signal, 
said voltage regulating means providing sub- 
stantially the same first operating voltage to 
said amplifier means regardless of the mag- 
nitude of said second operating voltage ap- 
plied to said voltage regulating means . 

5. A fluorescent lamp lighting arrangement as 
claimed in Claim 1 . 2 or 3, wherein said control 
signal means includes a pyroelectric sensor 
serving as a motion detector. 

6. A fluorescent lamp lighting arrangement as 
claimed in claim 1 . 2 or 3. wherein said operat- 
ing means operates in response to said control 
signal to cause said controller means to raise 
the light intensity of said lamps in the pres- 
ence of movement sensed by said motion de- 
tector and to cause said controller means to 
dim the light intensity of said lamps in the 
absence of motion sensed by said motion de- 
tector. 
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7. A fluorescent lamp lighting arrangement as 
claimed in Claim 6, wherein said controller 
means raises the light intensity of said lamp 
from a dimmed condition with a shorter time 
delay than the time delay which it provides 5 
when it dims said lamp In the absence of 
motion. 

8. A fluorescent lamp lighting arrangement ac- 
cording to Claim 2 or 3. wherein said light ;o 
control circuit includes a photo amplifier com- 
prising a pair of transistors which operate at a 

high current gain at low natural light levels. 

9. A fluorescent lamp lighting arrangement ac- is 
cording to claim 8, wherein one of said pair of 
transistors saturates at a relatively high natural 

light level. 

10. A fluorescent lamp lighting arrangement ac- 20 
cording to claim 9. wherein said determination 
means includes a resistor connected to the 
collector of said one of said pair of transistors, 

11. A fluorescent lamp lighting arrangement ac- 25 
cording to claim 10, wherein said determina- 
tion means includes a resistor connected 
across the collector and emitter of said one of 

said pair of transistors. 



12, Sensor circuit sutable for use in a fluorescent 
lamp lighting arrangement according to any of 
the previous claims. 
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